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DISTRIBUTED DATABASE SYSTEM 
PROVIDING DATA AND SPACE 

MANAGEMENT METHODOLOGY 

COPYRIGHT STATEMENT 

A portion of the disclosure of this patent document con 
tains material Which is subject to copyright protection. The 
copyright oWner has no objection to the facsimile reproduc 
tion by anyone of the patent document or the patent disclosure 
as it appears in the Patent and Trademark Of?ce patent ?le or 
records, but otherWise reserves all copyright rights Whatso 
ever. 

BACKGROUND 

1. Field of the Invention 
The present invention relates generally to data processing 

environments and, more particularly, to a distributed database 
system providing optimiZed data transfer, space manage 
ment, timestamp management, and deadlock detection With 
optimal messaging. 

2. Description of the Background Art 
Computers are very powerful tools for storing and provid 

ing access to vast amounts of information. Computer data 
bases are a common mechanism for storing information on 
computer systems While providing easy access to users. A 
typical database is an organiZed collection of related infor 
mation stored as “records” having “?elds” of information. As 
an example, a database of employees may have a record for 
each employee Where each record contains ?elds designating 
speci?cs about the employee, such as name, home address, 
salary, and the like. 
BetWeen the actual physical database itself (i.e., the data 

actually stored on a storage device) and the users of the 
system, a database management system or DBMS is typically 
provided as a softWare cushion or layer. In essence, the 
DBMS shields the database user from knoWing or even caring 
about the underlying hardWare-level details. Typically, all 
requests from users for access to the data are processed by the 
DBMS. For example, information may be added or removed 
from data ?les, information retrieved from or updated in such 
?les, and so forth, all Without user knoWledge of the under 
lying system implementation. In this manner, the DBMS 
provides users With a conceptual vieW of the database that is 
removed from the hardWare level. The general construction 
and operation of database management systems is Well 
knoWn in the art. See e.g., Date, C., “An Introduction to 
Database Systems, Seventh Edition”, Addison Wesley, 2000. 

Increasingly, businesses run mission-critical systems 
Which store information using database management sys 
tems. These systems have long since moved from a central 
iZed mainframe environment to a de-centraliZed or distrib 
uted environment. One or more PC “client” systems, for 
instance, may be connected via a netWork to one or more 
server-based database systems (e.g., SQL database server), to 
form a client/server database system. Multiple tier database 
systems including clients, application servers, and database 
servers connected by netWorks are also currently in Wide use. 
As computer systems and netWorks become increasingly 

complex and critical to business operations, the need to have 
high availability of these systems is becoming correspond 
ingly important. Data netWorks, and especially the Internet, 
are uniting the World into a single global marketplace that 
never closes. Employees, sales representatives, and suppliers 
in far-?ung regions need access to mission-critical systems 
every hour of the day. Furthermore, increasingly sophisti 
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2 
cated customers expect tWenty-four hour per day sales and 
service from a Web site. As a result, tremendous competitive 
pressure is placed on businesses to keep their systems running 
continuously. 

Today, an increasing number of users need their systems to 
be continuously available, With no doWntime. HoWever, 
While current “high availability” solutions provide high levels 
of availability, these solutions do not currently provide con 
tinuous availability. Instead, current high availability solu 
tions require some amount of doWntime forperforming main 
tenance, adding upgrades, and the like. For example, if a high 
availability system is resource constrained, it Would typically 
need to be brought doWn to alloW for adding additional CPU 
and/or memory resources. A better approach providing 
increased levels of availability is desired. 

Another recent trend is toWards the use of “blade servers”, 
Which is an architecture that provides for modular, e?icient, 
and cost-effective systems. This type of architecture typically 
includes virtualiZed storage and a netWork using a high speed 
interconnect sWitched fabric. Blade servers may, for instance, 
be implemented using Intel processors and the Linux operat 
ing system. The Linux operating system has matured in terms 
of reliability, availability, scalability, and manageability, so as 
to facilitate administration of the blade servers. The price/ 
performance of the Intel/ Linux platform makes it a compel 
ling platform for running mission critical applications like 
database servers and enterprise resource planning (ERP) 
applications in a distributed fashion. HoWever, this type of 
environment requires that the DBMS engines have the ability 
to provide the necessary scalability and transparent availabil 
ity. 
What is needed is a solution that enables a customer to run 

applications at multiple clustered servers With the clustered 
servers accessing data in databases shared amongst the serv 
ers in the cluster. For example, suppose that a customer runs 
into a scalability problem With a database system because the 
customer runs out of CPU poWer in the machine(s) on Which 
the database system is operated. The clustered server solution 
should enable the customer to quickly and easily address this 
scalability problem by simply adding another machine to thc 
con?guration. The solution should be easily expandable, so 
that customers may simply add additional servers in order to 
increase system capacity and provide improved performance 
Without major data restructuring and the associated system 
doWntime that is common in current systems. This type of 
solution enables the customer to purchase hardWare in 
smaller increments as needed to keep up With groWth. This is 
advantageous compared With buying larger machines in 
advance based on anticipated future demand for resources 
(e.g., disk, memory, CPU, and the like). 
The solution should also provide for transparent, continu 

ous availability of the applications run on the cluster With 
instantaneous fail-over amongst servers in the cluster. When 
one server is doWn (e. g., for upgrading the CPU) the applica 
tions should be able to operate using the remaining machines 
in the cluster. Even if one node fails, applications should be 
able to access the other nodes, so that a continuously available 
solution is provided. 
At the same time, the solution should provide transparency 

to users so that they need not be concerned With all of the 
internal details of running multiple database servers. For 
instance, the solution should provide a single server appear 
ance to applications. Also, an infrastructure should be pro 
vided Which enables server processes to run against shared 
disks While resolving cache coherency issues in transparent 
fashion. Ideally, the solution should facilitate operational 
administration of the infrastructure necessary to manage the 
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distributed database environment While also minimizing the 
number of messages sent betWeen nodes so that such mes 
sages do not adversely affect system performance. The opera 
tional administration that is provided should include detec 
tion of deadlocks betWeen nodes competing for shared 
resources and e?icient management space utiliZation and 
timestamps in the distributed system. The present invention 
provides a solution to these and other needs. 

SUMMARY 

A distributed database system providing data and space 
management methodology is described. In one embodiment, 
for example, a method of the present invention is described 
for detection of deadlocks in a distributed database system 
comprising a plurality of servers sharing access to data, the 
method comprises steps of: in response to a task at a ?rst 
server Waiting to obtain a lock regulating access to data, 
sending a search request including lock information to a 
second server holding the lock; at the second server, examin 
ing dependencies of the task holding the lock based on the 
lock information received With the search request and local 
lock information; if the task holding the lock is Waiting to 
obtain a lock held by an additional server, forWarding the 
search request and local lock information to the additional 
server; repeating the examining and forWarding steps until all 
dependencies are examined; and responding to the search 
request indicating Whether a deadlock Was detected and pro 
viding lock information found. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a very general block diagram of a computer 
system (e.g., an IBM-compatible system) in Which softWare 
implemented processes of the present invention may be 
embodied. 

FIG. 2 is a block diagram of a softWare system for control 
ling the operation of the computer system. 

FIG. 3 illustrates the general structure of a client/server 
database system. 

FIG. 4 is a high-level block diagram of an environment 
illustrating an example of a four node shared disk cluster 
accessed by a plurality of clients. 

FIG. 5 is a block diagram illustrating components of an 
instance of a clustered database server implementing the 
shared disk cluster system and methodology of the present 
invention. 

FIG. 6 is a block diagram illustrating the distribution of the 
lock queues and lock management information in a shared 
disk cluster environment. 

FIGS. 7A-F illustrate six tables Which are used for lock 
management in the currently preferred embodiment of the 
present invention. 

FIG. 8 is a high-level ?oW diagram illustrating the “triangle 
optimization” provided by the present invention. 

FIG. 9A is a diagram illustrating an example of the space 
usage of a segment on tWo clustered servers. 

FIG. 9B illustrates three user de?ned thresholds and a free 
page count at tWo different times. 

FIG. 10 is a block diagram illustrating the clustered servers 
and the direction of adjustment request messages among clus 
tered servers. 

FIG. 11 is a ?owchart illustrating an example of the han 
dling of an adjustment request (e. g., emergency request) sent 
by a clustered server. 
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4 
FIG. 12 is a high-level ?oW diagram illustrating the method 

steps of the present invention for single page deallocation 
during crash recovery. 

FIGS. 13A-B comprise a single high-level ?oW diagram 
illustrating the method steps of the present invention for 
single page deallocation during node recovery. 

DETAILED DESCRIPTION 

Glossary 
The folloWing de?nitions are offered for purposes of illus 

tration, not limitation, in order to assist With understanding 
the discussion that folloWs. 

Allocation Page: The allocation page (AP) is the ?rst page 
in an allocation unit (chunk of 256 contiguous pages) that 
keeps track of the data pages that are allocated, being deallo 
cated, and free. A pair of bits, the alloc bit and the dealloc bit 
in the allocation page represent the state of the data page. 
AST: AST refers to the ASynchronous Trap used by the 

cluster lock manager (CLM) to deliver an asynchronous 
completion noti?cation to the lock requester for non-blocking 
requests. The ASTs can be delivered through client’ s callback 
handler in CLM daemon’s context or in the client context 
through polling. 
BAST: BAST refers to the Blocking ASynchronous Trap 

used by the cluster lock manager (CLM) to deliver an asyn 
chronous blocking noti?cation to the lock oWner When 
another clustered server in the cluster is requesting for the 
lock in con?icting lock mode. The BASTs can be delivered 
through client’s callback handler in CLM daemon’s context 
or in the client context through polling. 

Buffer: Buffer refers to metadata information to maintain a 
page on disk in memory. 

CES: The cluster event service (CES) is a cluster infra 
structure component of the present invention that provides 
global and local event subscription and publishing services. 
CLM: The cluster lock manager (CLM) is a server module 

of the present invention that provides the distributed locking 
service to alloW the sharing of logical locks, global objects, 
and cached database data and metadata among the clustered 
servers. 

CLR: CLR refers to compensation log record, Which is an 
“undo” record logged during transaction rollback. CLRs are 
usually redo-only log records Which are not undone. 

Cluster: Cluster refers to a collection of more than one 

netWorked (and usually homogeneous) nodes, Which func 
tion as a single system. Each node usually contains its oWn 
CPU and memory. All the nodes in the cluster communicate 
With each other, typically through private interconnects. 

Cluster Coordinator: The coordinating clustered server 
that is responsible for vieW updates at cluster membership 
changes. The clustered server that bootstraps the cluster is the 
default cluster coordinator. A neW coordinator may be 
selected in the event of a coordinator failure. 

Cluster Con?guration File: A cluster con?guration ?le 
contains a clustered server con?guration to run in a shared 
disk cluster environment. The cluster con?guration ?le typi 
cally includes information about path name to quorum disk 
and cluster and member server de?nitions including the pri 
mary and secondary interprocess communication (IPC) con 
?guration. 

Clustered Server: A clustered server refers to a database 
server Which runs on a shared-disk cluster and jointly man 

ages a single installation of the databases on the shared disks. 
Currently, a clustered server is identi?ed by a clustered server 
number, Which is a number uniquely identifying a named 
clustered server in a shared disk cluster. The clustered server 




































































